Developmental defects and aberrant accumulation of endogenous psychosine in oligodendrocytes in a murine model of Krabbe disease.
Krabbe disease (KD), or globoid cell leukodystrophy, is an inherited lysosomal storage disease with leukodystrophy caused by a mutation in the galactosylceramidase (GALC) gene. The majority of patients show the early onset form of KD dominated by cerebral demyelination with apoptotic oligodendrocyte (OL) death. However, the initial pathophysiological changes in developing OLs remain poorly understood. Here, we show that OLs of twitcher mice, an authentic mouse model of KD, exhibited developmental defects and impaired myelin formation in vivo and in vitro. In twitcher mouse brain, abnormal myelination and reduced expression of myelin genes during the period of most active OL differentiation and myelination preceded subsequent progressive OL death and demyelination. Importantly, twitcher mouse OL precursor cells proliferated normally, but their differentiation and survival were intrinsically defective. These defects were associated with aberrant accumulation of endogenous psychosine (galactosylsphingosine) and reduced activation of the Erk1/2 and Akt/mTOR pathways before apoptotic cell death. Collectively, our results demonstrate that GALC deficiency in developing KD OLs profoundly affects their differentiation and maturation, indicating the critical contribution of OL dysfunction to KD pathogenesis.